Remotely piloted aircraft (RPA or drones) have become a powerful tool for use in spatial and temporal ecology. Major benefits for environmental management, including improved accuracy and precision for population monitoring of fauna, are being realized. We used Australian fur seals (Arctocephalus pusillus) as a model system to assess how counts and capture-mark-resight (CMR) estimates derived from RPA surveys compared with both traditionally used ground counts and CMR abundance estimates at two colonies in southeastern Australia. To manage the large volume of data, we implemented a citizen science portal SealSpotter to screen RPA imagery for animals of the target age classes. Capture-mark-resight estimates and direct counts using RPA imagery provided measurable improvement in monitoring precision when compared with traditional techniques. A key methodological assumption of CMR estimates is that there is uniform mixing of marked animals across the focal area. This was also validated using spatial data derived from images and linear models, a novel capability of the RPA technique. Our findings have the potential to improve wildlife monitoring techniques for fur seals and are broadly transferable to a wide range of other animal taxa where CMR techniques are employed. Furthermore, they add to the growing body of evidence that demonstrates the benefits of RPAs for wildlife monitoring exceed those of traditional techniques.
INTRODUCTION
Wildlife population monitoring involves the repeated survey of one or more population metrics that estimate trends over time (Sutherland et al. 2004 ). Such monitoring is implemented for a range of ecological purposes, and there is a diversity of techniques available for different animal taxa (Pollock et al. 2002 , Witmer 2005 . No single monitoring technique is necessarily superior to another, with many techniques presenting both advantages and disadvantages that are situation-dependant (Thompson et al. 1998 , Witmer 2005 ). As many wildlife species are under high anthropogenic and environmental pressures, ongoing refinement of monitoring techniques has the potential to further inform conservation management actions (Tracey et al. 2005) .
When monitoring wildlife, the distinction between precision and accuracy should be well understood. While the two are frequently used interchangeably, each has a distinct intent (Sutherland et al. 2004 , Hodgson et al. 2016 ). An accurate estimate is one that is close to the true population number, yet the true size of open wildlife populations is rarely known (Sutherland et al. 2004 , Hodgson et al. 2016 . By contrast, precision is a measure of how consistent replicated estimates of the focal metric are to one another, irrespective of true population size (Thompson et al. 1998 , Sutherland et al. 2004 . It is desirable to have regular, precise counts for monitoring as this assists the detection of small-scale population fluctuations (Gibbs et al. 1999) . With increased precision, practitioners also gain improved confidence that any detected changes are in fact true. Thus, if management intervention is required, outcomes can be assessed with increased certainty. For population monitoring, a focus on techniques that prioritize precision over accuracy is therefore common practice (Sutherland et al. 2004) .
Here, we focus on three widely applied wildlife monitoring techniques that serve as exemplars. Specifically, these are ground-based counts, mark-resight techniques, and aerial imagery surveys, with a particular focus on the potential benefits of aerial imagery when compared with more traditional approaches. Remotely piloted aircraft (RPAs or drones) have provided major advances in the field of spatial and temporal ecology, and offer considerable benefits for environmental management (Anderson and Gaston 2013) . The use of images collected from RPAs is increasingly recognized as a cost-effective, repeatable technique for monitoring wildlife (Sarda-Palomera et al. 2012, Anderson and Gaston 2013) . Remotely piloted aircrafts are generally more cost-effective than traditional techniques because the size of field teams can be substantially reduced, thereby lowering survey operating costs (Anderson and Gaston 2013) . This cost reduction may also allow surveys to be completed more frequently, providing valuable time-series data to population ecologists. Additionally, the collection of RPA imagery provides an archived resource of photographic surveys for future reference that may not be possible to obtain with many ground-based techniques.
The field of aerial imagery is rapidly advancing, with optical techniques providing evident benefits for surveying colonial or herding wildlife with high precision in both terrestrial and marine systems (Kirkman et al. 2013 , Vermeulen et al. 2013 , Hodgson et al. 2016 . Although aerial imagery demonstrates improvements for some taxonomic groups, we are yet to understand how generalizable RPA data capture techniques are for other aggregations of wildlife. Moreover, capture-mark-resight (CMR) techniques are yet to be compared with RPA-derived counts, and the potential for incorporation of RPAs into CMR techniques is unexplored. One group of animals for which a variety of monitoring techniques has been employed are the pinnipeds (true seals, fur seals, and sea lions; Croxall 1992 , Huber et al. 2001 . As top order predators, these animals are considered indicators of marine ecosystem health and recovery (Southwell et al. 2013) . They are known to be affected by marine pollution, commercial and recreational fisheries, oil spills, and tourism (Kirkwood et al. 2003 , Cassini et al. 2004 , McIntosh et al. 2015 , Alava and Ross 2018 , Taylor et al. 2018 . In the era of the Anthropocene, reliably measuring anthropogenic impacts on the marine ecosystem is more critical than ever (Zalasiewicz et al. 2010) . Fur seals are colonial breeding marine predators that are available for research at their terrestrial breeding colonies, providing an excellent opportunity for monitoring.
In this study, we tested how counts and CMR estimates derived from RPA surveys, compared with traditional ground counts and CMR techniques for obtaining abundance estimates of Australian fur seals (Arctocephalus pusillus doriferus). Noting inherent differences between our focal monitoring techniques, CMR techniques seek to establish a total abundance estimate, whereas direct RPA and ground count approaches seek to document visible wildlife to provide a metric to monitor change over time (Eberhardt et al. 1979 ). Previous studies have achieved a measure of confidence in ground counts and CMR techniques by using combined variances, despite this being a sub-optimal method (Kirkwood et al. 2010) . Here, we explicitly assess the relative monitoring precision of each technique. The ultimate goal is to compare wildlife monitoring techniques that assist the development of more rigorous and reliable tools for monitoring programs regardless of the taxa involved.
METHODS

Study sites
Two fur seal colonies (Seal Rocks and The Skerries of the coast of SE Australia) were surveyed using RPA in coastal southeastern Australia during December 2017 and January 2018 as part of a five-yearly monitoring program (McIntosh et al. 2018b) . Pups are generally the selected age class for fur seal abundance estimates, as they are easily recognizable, more manageable when handled by researchers (as is required for CMR estimates), and are least likely to be in the water at this age (Kirkwood et al. 2010) . Seal Rocks (38°30 0 S, 145°10 0 E) is comprised of basalt cobble beaches and rocky outcrops (dates: 26-30 December; Fig. 1 ). Pup abundance was only estimated for the main part of the colony, Seal Rock, as not all techniques could be deployed at the sub-colony area known as Black Rock. The Skerries (37°45 0 S, 149°31 0 E) is an outcrop of three granite boulder islets which were all included in the survey (dates: 16-20 January; Fig. 1 ; Kennedy et al. 2014) . Fieldwork was timed to follow peak pupping, accounting for both observer safety (bull seals no longer defend territories) and ease of pup counts (Shaughnessy et al. 1995 , Kirkwood et al. 2005 . Pups are young enough to have not dispersed from the natal site and have also grown sufficiently by this time, to cope well with some temporary disturbance.
The traditional ground-based techniques for the specific sites have been well developed and used for the past three censuses (Kirkwood et al. 2005 , McIntosh et al. 2018b ). However, RPA surveys are a novel technique that has not previously been tested for this species. Monitoring involved three different techniques as outlined below.
Pup abundance estimation techniques
Capture-mark-resight. -A CMR technique using a modified Petersen formula (Shaughnessy et al. 2000) was employed at both sites. This involved teams of 10-14 fieldworkers moving through the colony, hand-catching and marking pups. Marking involved clipping black natal-fur on top of the pup's head (~7 9 7 cm area) to reveal the distinctive pale-brown fur underneath. Teams attempted to distribute effort as evenly as possible across breeding areas, such that each pup had an equal likelihood of being caught and marked. Teams worked with the intention of marking >25% and <50% of pups present, a value previously deemed acceptable to ensure minimal bias, increased accuracy, and a balance of effort and resight variability. After a period of 20 and 16 h had elapsed between marking and first resights at Seal Rocks and The Skerries, respectively, researchers scanned the heads of all visible pups to determine whether they were marked or unmarked. Where the head of a pup was not visible, that individual was excluded from the count. Resights were done by either scanning the breeding area from a vantage point-the preferred method to minimize disturbance-or via a walk-through approach. Walk-throughs were executed where the terrain was complex, and pups' heads were obscured from view from a vantage point, or where there was no vantage point available. Six independent replicate counts were completed at both sites.
To avoid inaccuracies following marking, pups that left the population through death were recorded during resights, and any dead marked pups were removed from the total number of marked pups counted. To reduce the chance of individuals moving between mark and resight areas, distinct geographic boundaries such as individual islets or coves were selected that small pups were unlikely to move between.
The estimated numbers of pups for distinct marking locations, means, and variances were calculated following Kirkwood et al. (2005) . The number of pups (N) was calculated from:
where M is the number of marked pups available to be resighted, n is the number of pups examined, and m is the number of marked pups resighted (Seber 1982) . Breeding areas were a distinct unit over the project duration, and therefore, the estimated total number of pups at a colony was the sum of the means for each breeding area, and total variance was the sum of the corresponding variances.
Direct ground counts.-Direct ground counts were completed at the same time as the resights of marked and unmarked pups for the CMR technique (a total of three fieldworkers per team). Observers independently searched a defined area of the colony and recorded all visible pups with a hand tally counter. On many occasions, pups formed dense aggregations or were moving, resulting in difficulties for visually separating and maintaining track of animals that had already been counted. Observers counted to the best of their ability, while acknowledging the limitations of this technique. Whenever possible, direct counts were completed by different observers to address potential issues with observer bias. The use of multiple observers also facilitated the calculation of means and standard errors to assess technique precision. Six independent replicate counts were completed at both sites. The estimated pup abundance for the colony was the sum of the means for each distinct breeding area, and the standard error of the total was the square-root of the sum of the squared standard errors (Kirkwood et al. 2005) .
RPA aerial imagery.-Pups were counted from photographs taken from a RPA, flown over the area potentially occupied by pups. A quadcoptertype RPA (DJI Phantom 4 Pro, D a-Ji ang Innovations (DJI), Shenzhen, China) equipped with an in-built 20-megapixel, 84°field-of-view camera was flown by a licensed RPA operator. All flight plans were developed in DroneDeploy (https://d ronedeploy.com/). Flight altitudes were chosen so as not to disturb the seals (Adame et al. 2017 , McIntosh et al. 2018a ) while providing sufficient photograph resolution for pup identification (Seal Rocks 40 m, The Skerries 35 m). Three RPA surveys were flown at Seal Rocks (26 December 2017, 28 December 2017, and 29 December 2017) and two were flown at The Skerries (16 January 2018 and 21 January 2018). For all surveys, multiple flights were required, with battery changes in between, to fully cover the extent of the sites. In each case, battery changes were completed as quickly as possible, and geographic coverage of each flight was selected to minimize potential movement of animals between flights. A minimum of 70% overlap for side-lap and front-lap of aerial photographs was set, allowing effective stitching of photographs given the topography of both sites. Based on these values, and a predefined 2-s delay between captures, air speed was typically~7 m/s. Camera settings were adjusted and set in DJI Go 4 (https://dji.com/goapp). When flying in variable light conditions (e.g., partial cloud), the camera was set to automatically adjust ISO, white balance, shutter speed, and aperture. When light conditions remained stable, camera settings were manually set to achieve the desired exposure for viewing the target objects. Focus was set to infinity for all surveys.
An orthomosaic image of the entire fur seal breeding area was produced using Agisoft PhotoScan Pro software (http://agisoft.com/). This mosaic was then sliced into a series of smaller sub-images for ease of counting (McIntosh et al. 2018a ). This resulted in complete coverage of the study area, while eliminating overlap between original RPA images.
SealSpotter, an open-access citizen science data portal developed by Phillip Island Nature Parks (https://natureparksresearch.com.au/sealSpotter/), was used as the platform to record the number of pups (<3 months of age) as one category, and adults (2+ yr of age) and juveniles (1-2 yr of age) as a second category in each image. Despite our specific interest in pups, to ensure all seals were counted, and to maximize counting accuracy, citizen scientists were asked to count all visible age classes. Sub-images were counted by a total of 62 citizen scientists via the online portal. Users were first required to nominate that they were counting a specific age class, and then select each individual of that age class in the sub-image with a mouse click. This rendered the sub-image with a colored dot to identify that the individual had been counted and allocated an x and y coordinate. Once the user was satisfied that all individuals of each age class in the active sub-image had been identified, that sub-image was submitted, and a new sub-image appeared. Users were randomly assigned sub-images by SealSpotter from both breeding sites, without colony identification.
Sub-images were counted multiple times by different citizen scientists. These replicates were used to obtain mean pup abundance estimates for the sites and calculate the variation associated with the technique. As part of this technique, outliers were filtered to reduce effects of user error. This was necessary to account for subimages that were inadvertently submitted by a citizen scientist with a false zero count (i.e., when a user may have accidentally clicked submit before properly assessing an image), or where the count was far from the value of all other users. For each sub-image, we identified the submitted count closest to the median pup count for that image to act as the true count for outlier filtering. The median was used in preference to the mean to limit the influence of outliers here. Using this value, the magnitude of deviation for all other counts was calculated for each sub-image. To further curate citizen science data, a histogram of the difference between user counts and median count was inspected for step changes that might identify thresholds for outlier removal. As there were consistently long tails but no obvious step changes, an arbitrary threshold of 1.5 standard deviations from the sample median was designated for outlier removal on the expectation that they represented user error.
Each of the sub-images was counted by several independent users, but only two users contributed complete counts of all sub-images. Therefore, a bootstrapping technique was applied to obtain total pup abundance estimates and confidence intervals for each site. Using all sub-image counts from all users, we randomly sampled one count of each sub-image to simulate an individual pseudo-user counting all subimages. 10,000 of these pseudo-users were taken, simulating 10,000 different users contributing complete counts. To obtain a reproducible result, the set.seed function in R (using rounding sample method, R Core Team 2017) was used to set the random number generator state before sampling, with a seed of 42. These pseudo-user counts were then used to calculate 95% confidence intervals for site-wide counts. Since the aim was to obtain a population estimate for both study sites based on the sub-images counted by citizen scientists, we first filtered for outlier subimage counts, and then implemented the above bootstrap simulation to estimate population abundance with an uncertainty measure.
To determine how the RPA-derived resight component of CMR compared to the CMR performed on the ground, an additional portal within SealSpotter was used. Here, users identified animals in the categories of marked pups, unmarked pups, and not visible pups consistent with the definitions applied during field assessments outlined previously. Comparisons cannot be made between pups whose heads were not visible in either the RPA-derived images or the field because this information was not retained during field-based surveys. Pups whose heads were not visible were counted in the portal to ensure all pups were assessed and labeled, but these counts were not included in further analysis. To filter outliers and obtain colony estimates for each category of pups, we applied the filtering and bootstrapping procedure as outlined above. This method differed slightly when the true count for each sub-image was selected, because there were three pup types. For each image, a median user was selected. This user's counts cumulatively differed the least from the medians of all three pup types (marked, unmarked, and not visible). An estimate of the total number of pups was then generated for each colony using the CMR procedure as outlined previously.
Data inferences
Data analysis was performed using R and RStudio. Pup estimates were made for both colonies, using the four applied counting techniques (direct ground counts, ground derived CMR estimates, RPA-derived image counts, and RPAderived CMR estimates). An integral component of the study was to establish whether a particular monitoring technique was more precise than others. The equality of variances was therefore assessed for each of the four techniques using Levene's tests and coefficients of variation for individual sites (Hodgson et al. 2016) . Assumptions of homogeneity and normality of residuals were not met for raw and transformed data; therefore, non-parametric tests were used. Kruskal-Wallis rank sum tests were used to compare the pup abundance estimates from the four techniques. Dunn's test with Bonferroni corrections was used to examine pairwise comparisons within techniques. The method used here uniquely records the spatial distribution of animals counted; therefore, it was also possible to test the assumption that marked and unmarked pups are equally distributed throughout the study area at the time of the resight. To do this, we employed a random sampling method using the pup data points for the entire site, isolating the counts of both marked and unmarked pups within small random subsections (5% width and height of the full site mosaic), and comparing the numbers of marked and unmarked animals within each of those areas. Subsections were allowed to overlap, resulting in the generation of a large number of samples (n = 100,000). To quantify the relationship between marked and unmarked pups in different areas of the study site, relative counts were plotted against one another, and the correlation formalized with a linear model (unmarked pups~marked pups).
RESULTS
To compare direct ground counts with RPA counts of Australian fur seal pup abundance, a total of 1752 sub-images were counted on average 4.48 times each (range = 3-7). After outlier filtering, the mean number of remaining counts per sub-image was 4.23 (range = 2-7). Filtering for outliers resulted in the removal of 422 counts, from a total pool of 7849 counts (5.4% of counts). Field-based and RPA CMR estimates produced the highest values for pup numbers at both sites (Seal Rocks: H 3 = 78.09, P-value <0.001, The Skerries: H 3 = 44.67, P-value <0.001; Fig. 2 ). However, the magnitude of difference between count techniques differed by site, with techniques being more similar at The Skerries than at Seal Rocks (Fig. 2) . Ground counts produced the lowest pup abundance estimates of the four techniques at both sites (Fig. 2) .
Direct counts of pups in RPA-derived images were highly precise at both sites (Seal Rocks RPA direct count coefficient of variation (CV) = 1.80% and The Skerries RPA direct count CV = 1.84%). As a monitoring technique, traditional ground counts produced the poorest outcomes, with uniformly high variability and therefore, the lowest precision of all four count techniques both within and between sites (Seal Rocks direct ground count CV = 22.80% and The Skerries direct ground count CV = 18.39%). Direct RPA-derived counts displayed the highest precision of all techniques at both sites (Levene's tests: Seal Rocks: F 3, 30032 = 918.33, P-value <0.001; The Skerries: F 3, 20020 = 672.01, P-value <0.001).
To compare the CMR performed on the ground with the CMR using RPA-derived images, a total of 2294 sub-images were counted on average 3.03 times each (range = 2-4). The mean number of remaining counts per sub-image after filtering for outliers of marked pups, unmarked pups, and not visible pups was 2.85 (range = 2-4). After filtering, 381 counts were removed as outliers from a pool of 6,952 counts (5.5% of counts). The CMR with pups counted from the RPA-derived images was also a highly precise monitoring technique at both sites (Seal Rocks CVs: RPA CMR1 = 2.35%, RPA CMR2 = 2.44%; The Skerries CV: RPA CMR = 2.24%). By contrast, precision differed between sites for ground-based CMR estimates: with medium variability and therefore average precision at Seal Rocks (ground-based CMR CV = 11.48%); and lower variability and therefore good precision at The Skerries (ground-based CV = 5.92%).
When comparing the CMRs derived from the ground and the RPA-derived images, the results at The Skerries were very similar (Table 1, Fig. 2 ). In the CMR component, the number of marked pups resighted (CMR = 342 and RPA = 350) and the number of pups examined (CMR = 1612 and RPA = 1630) were comparable for both techniques (Table 1) . By contrast, at Seal Rocks, the ground-based CMR was higher than both CMR estimates derived from the RPA images (CMR = 3255, RPA1 = 2569 and RPA2 = 2601; Table 1 , Fig. 2 ). Counts of marked pups derived from the RPA images (RPA1 = 543 and RPA2 = 481) yielded higher numbers than the ground technique (CMR = 334), in turn reducing the estimated pup population size derived from RPA-derived CMR (Table 1, Fig. 2) .
In keeping with a key assumption of CMR techniques, marked and unmarked pups were distributed evenly throughout focal seal colonies (Fig. 3) . The relationship between the numbers of marked and unmarked pups in the random sampling areas was highly linear, with a y-intercept close to zero (Fig. 4 , R 2 = 0.99, slope P-value <0.001, y-intercept 3.003).
DISCUSSION
Abundance estimates obtained from RPAderived CMRs displayed favorable monitoring precision for fur seals across two sites. Previously, most monitoring of pinnipeds has utilized ground-based techniques but fixed-wing or helicopter surveys are also popular to cover large Fig. 2 . Mean number of Australian fur seal (Arctocephalus pusillus) pups in the period December 2017-January 2018 estimated using capture-mark-resight (CMR, yellow; n = 6), CMR obtained from RPAderived images (orange), direct ground counts (blue; n = 6), and direct counts derived from RPA imagery (red). For RPA imagery, variance was generated by bootstrapping 10,000 resamples. Error bars show 95% confidence intervals. spatial areas (Forcada and Aguilar 2000 , McMahon et al. 2003 , Shaughnessy and Goldsworthy 2016 , McIntosh et al. 2018b . In most examples, the researchers using traditional estimates are resigned to the fact that they are working with underestimates and a poor understanding of accuracy. Capture-mark-resight estimates are a frequently employed technique for estimating wildlife abundance because they offer improved accuracy compared to other techniques (Seber 1982 , Alonso et al. 2015 . Here, we combined this frequently used monitoring technique with RPA technology to obtain more robust CMR estimates, with higher precision than was previously possible. Capture-mark-resight monitoring programs have embraced the use of technology to improve monitoring outcomes through the uptake of tools such as camera traps (e.g., large cats; Alonso et al. 2015) , DNA screening (e.g., Grizzly Bears; Mowat and Strobeck 2000) , and radio telemetry (e.g., Racoons; Sollmann et al. 2013 ). While we have demonstrated that RPA technology serves as an effective addition to CMR programs for fur seals, we expect this technique to be applicable to any medium to large animal species that either carries distinctive marks, or to which distinctive marks can be applied, and whose ecology renders these marks detectable in RPA-derived imagery. While the assumption might be that animals must also occur in high-density aggregations for RPA detection to be effective, with ongoing advances in RPA endurance, reduction in labor costs and disturbance, and automated image screening (Hodgson et al. 2018) , effective monitoring of low-density populations is also on the horizon.
In addition to improved CMR monitoring precision, we were also able to demonstrate that direct counts of fur seal pups from RPA-derived imagery produced estimates with higher precision when compared with paired traditional ground counts. This finding is consistent with previous work on colonial seabirds, where the use of RPA technology led to measurable gains in monitoring precision (Hodgson et al. 2016) . That this is true for a growing number of diverse taxa confirms that RPA technology has the potential to revolutionize some key aspects of spatial and temporal ecology (Anderson and Gaston 2013, Whitehead and Hugenholtz 2014) .
While the use of RPA technology resulted in improved precision, there was some disparity in the total pup abundance estimates at the site level. At the smaller of the two sites (The Skerries), the RPA-derived count and the groundbased CMR pup estimates were similar. This suggests that CMR monitoring techniques may no longer be necessary, as direct counts alone obtained via RPA images can be used to monitor wildlife populations with precision. Performing CMR, whether by ground or RPA, required that pups be marked. While RPA surveys are still subject to ecological field limitations such as weather and airspace regulations (McIntosh et al. 2018a) , the benefit of the RPA-derived total count method over the CMR is the reduced logistics, occupational health and safety considerations, cost, and importantly the reduced disturbance to the wildlife. By contrast, at the larger of the sites (Seal Rocks), the two RPA-derived CMR estimates and the RPA-derived count were similar but estimated a smaller pup abundance than the ground-based CMR estimate. Here, it seems that the topography of the focal area strongly influenced the outcome. Where the site consisted of relatively uniform areas of low relief Note: Live pup numbers are rounded to integers.
( Fig. 1) , fur seal pups formed large aggregations. Our best explanation is that while undertaking field-based (on-ground) resights, unmarked pups were repeat counted more frequently when in large groups because visual delineation of individual pups was more difficult. Such a methodological flaw would result in an inflated estimate of the total number of animals for the ground-based CMR. While we are unable to definitively address this issue here, our inability to do so highlights inherent advantages of RPAderived images; such images provide the capacity to reassess or further explore anomalous outcomes. Additionally, if this is the case, the RPA-derived count of pup abundance would be the preferred monitoring technique because it requires less effort and reduces disturbance, while improving precision. By improving precision, our capacity to reliably detect real trends in population abundance over time is improved (Gerrodette 1987) . Additionally, survey frequency can be increased using RPAs for direct counts, because these surveys can be deployed with greater ease and less disturbance when compared to traditional techniques (Sarda-Palomera et al. 2012 ). The focal populations in this study had previously been subject to monitoring once every five years, yet recent analysis has indicated this program lacked the necessary power to detect and interpret changes in the population, reducing the efficacy of the monitoring program (McIntosh et al. 2018b) . Increased survey frequency, combined with the greater precision of RPA monitoring, will improve capacity to detect change and implement management strategies. Testing population responses to management actions is often an important part of monitoring programs (Noss 1990 , Pollock et al. 2002 . The increased frequency and reliability of surveys using RPA based counts will benefit the testing of these population responses.
Not only can we employ drones for counting population size with high precision, we are now able to do so while distinguishing between age classes of demographic interest. Age class Fig. 4 . Correlation of marked and unmarked pups to test the capture-mark-resight assumption of even distribution of marked animals within a population of Australian fur seal (Arctocephalus pusillus) pups at Seal Rocks and The Skerries, Victoria, Australia. A random sampling technique was implemented, and the number of marked vs. unmarked pups for each sample area (n = 100,000) is presented. distinctions using RPA imagery have been demonstrated for other pinniped, seabird, and penguin species (Goebel et al. 2015 , Adame et al. 2017 , Brisson-Curadeau et al. 2017 ). This introduces a new era of demographic investigations where metrics such as the ratio of adult females feeding pups vs. adult females feeding juveniles can be assessed over time and visualized graphically along with density and clustering patterns. With the inclusion of photogrammetry (Goebel et al. 2015 , Krause et al. 2017 , one could also incorporate the size of individuals and build predictive models based on generalized age structures and recruitment. Photogrammetry can also be used to investigate trends in body condition as an index of food availability and/or general health. Furthermore, georeferenced spatial data, which can be difficult or near-impossible to obtain in the field for some fauna (Sarda-Palomera et al. 2012 , McIntosh et al. 2018a , may also be collected as part of RPA surveys. Here, we were able to demonstrate that marked pups were distributed evenly throughout the colony to validate a central, but previously untested assumption of the CMR technique.
Our findings are consistent with previous work that demonstrates clear advantages of using RPAs for wildlife monitoring (Adame et al. 2017 , Brisson-Curadeau et al. 2017 ). Financial and time (effort) costs of monitoring can be reduced, using off-the-shelf RPAs to capture aerial images, and the assistance of citizen scientists to count animals. Collaborating with citizen scientists is an effective way to obtain data with replicates, while providing an opportunity for conservation education and community benefits extending beyond field-based activities (Swanson et al. 2016) . Unlike ground-based counts, where time and experienced personnel resources are limited, a thorough inspection of aerial images is possible within the time-frame set by the researchers, with the option of seeking expert review of counts postsurvey (Ratcliffe et al. 2015 , Adame et al. 2017 . Additionally, successful ground counts are reliant on expert participation and consequently may be more sensitive to changes in personnel. In comparison, archived images coupled with the count filtering techniques outlined here both increase the pool of available participants and reduce the influence of individual observer experience.
When wildlife forms large aggregations, aerial imagery allows for abundance estimates to be made with ease when compared to ground-based techniques (Perryman et al. 2010 ). These observations are consistent with our findings for direct counts, especially when seal pups formed dense aggregations of up to 300 animals. The use of RPA imagery to conduct the resight component of the CMR survey removes the need for biologists to enter the colony at this time, leading to a net reduction in disturbance when compared with a traditional CMR program that requires biologists to enter the area multiple times for independent replicate resights. For ecologically sensitive species and habitats, RPAs may be especially advantageous for conducting surveys where groundbased monitoring may not otherwise be ideal (Sarda-Palomera et al. 2012 , Goebel et al. 2015 .
CONCLUSIONS
Our findings demonstrate that wildlife monitoring can be improved through the implementation of RPA technology. This study is the first to compare both direct ground counts and CMR techniques to RPA-derived abundance estimates. This example using fur seals has shown that technological advancements in RPA present a substantial opportunity to increase the power of monitoring programs to detect population change. In conjunction with improved precision and accuracy for monitoring seabirds (Hodgson et al. 2016) , and an improved precision for monitoring fur seals, our expectation is that this benefit will extend to a wide range of animal taxa that aggregate for one or more components of their life history. With associated benefits including spatial data, flexibility in monitoring metrics, reductions in disturbance, reduced effort for fieldwork, and a defensible archive for future reference, the outlook for RPA use for monitoring purposes is favorable.
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